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Abstract 
Banking crises in the last decades have led to the need for early warning systems, who lay in a timely the  macroeconomic 
indicators`weaknesses. Its were designed as instruments for anticipating imminent mass influx of banking crises. 
The present paper aims to capture the macroeconomic indicators  `impact, that create an effect on the health of the banking system 
and which historically have shown internationally, episodes of economic and financial collapse. 
The reason I chose this theme is because of the importance of prudential supervision in order to ensure the financial stability of 
the whole banking system, with the help of early warning systems, designed to anticipate the emergence of banking crises. 
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1. Introduction 
Banking crises in the last decades have led to the necessity of implementing macroeconomic policies and 
regulations to ensure an effective control in order to achieve stability and viability of the entire banking system. 
Thus, it is necessary the implementation of early warning systems which support the regulatory authorities and 
banking supervision. 
Early warning systems are the mechanisms that analyzes and transforms information held by financial 
indicators in the signals concerning the possibility of banking crises by Barbu, Dardac and Boitan (2009). They 
were originally developed in the United States of America, having meant to predict if and when a specific country 
can be affected by a financial crisis.  
The purpose of the paper is to capture the impact of macroeconomic indicators, which emit signals over the 
banking system`s health and to provide an overview of the practicalities of the financial crises`s issue and ways of 
preventing them. 
The work includes six sections where I analysed the impact of a potential adverse changes to the 
macroeconomic framework of the Romanian`s banking system solvency, using as risk factors variables such as 
monetary policy interest rate, exchange rate, inflation rate, unemployment rate and non-performing loans ratio. The 
paper ends by presenting research findings and future research directions. 
2. Testing a simplified early warning system – case study – Romania: the macroeconomic variables`s impact 
on the volume of non-performing loans from the banking system development 
By its nature, a warning system means a a surveillance device, which aims to enhance market discipline, to 
ensure the coherence of macroeconomic policies and financial system resilience to shocks. 
Having regard to the financial crises of the last decades, it is necessary that the current methodology, which is at 
the origin of an early warning system`s creation, to be improved. This should include, in addition to the specific 
economic and financial circumstances of each country, a number of macroeconomic indicators, which historically 
have shown internationally, episodes of economic and financial collapse by Mishkin (2004), such as: the monetary 
policy interest rate, unemployment rate, inflation rate, the real exchange rate. 
Early warning models of financial crises, including the economic and financial variables that can indicate in a 
timely the balance of payments vulnerability or a level unsustainable of exchange rate; indicators of 
macroeconomic imbalances and the weakness of the banking system (e.g., fiscal deficit, the growth rate of 
domestic credit, increasing the volume of non-performing loans), the overvaluation of exchange rate (the relative 
price indices, current account deficit, the pace of increase in exports), external vulnerability and the risk of 
contagion (the ratio of external liabilities and international reserves, the incidence of crises in other countries) by 
Dardac and Boitan (2009). 
Macroeconomic analysis allows the general premises`s evaluation that have affected the non-performing loans 
ratio`s growth in the banking system, whose variations indicate the health of the entire financial system. Loans and 
other assets may be classified in the category loans when payment rates, representing the principal and interest, 
recorded arrears of 90 days2 or more by Căpraru (2009) . 
 
 
2 non-performing loans - will include those with a debt of less than 90 days, which in national law are recognised as non-performing when 
there are clear indications of probability of default (e.g.:bankruptcy). 
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3. The methodology and the data used 
Some of the most important factors of influence that have a fundamental impact on the Romanian financial 
system`s health, and not only, are provided periodically on the National Bank of Romania`s website (www.bnr.ro), 
through monthly bulletins, financial stability reports, inflation reports: the monetary policy interest rate, rate of 
inflation, the exchange rate3; as well as on the website of the National Agency for employment (www.anofm.ro): 
unemployment rate. 
Relevant are associated shocks with such macroeconomic indicators by Gersl and Hermanek (2006), which 
have a strong impact on the financial system soundness and, especially, on the share of bad loans in the banking 
system.  
The monetary policy interest rate`s fluctuations have a significant impact on the cost of capital and 
attractiveness, both internationally and nationally; the most harmful effect being given by high volatility of capital 
flows.  
Inflation rate has major implications on the contraction of economic activity (reflected in GDP contraction), 
where it is accompanied by economic recession (Romania`s current situation). The activity`s contraction will affect 
lending activity (which will be a trend for fall) and, consequently, the volume of bad loans will increase 
considerably. Inflation still poses problems in terms of managing the bank's assets and liabilities having a negative 
impact on their correlations. As a result, it triggers a phenomenon of banking disintermediation4, that could lead to 
major losses and even bankruptcy. 
Unemployment rate is the degree of loans probability of default in the banking system (credit risk). The 
unemployment rate is higher in an economy, the higher the risk of non-performing loans volume`s increase from 
the banking system.  
Exchange rate reports the effect which it has multi-currency credit on the loan portfolio, adverse effect 
generated from the debt service`s management. Whereas the real exchange rate expresses the relative price of a 
good`s basket, it is not a unit of measurement and is a very important indicator of the economy due to the fact that 
it is a measure of a country's competitiveness. Thus, the real depreciation of the national currency, which is 
equivalent to raising the real rate ron/eur, causes price rising european basket of goods compared to the Romania`s 
one. Extended on credits, this growth suggests a rise in foreign currency loans, which encourages credits in 
national currency and discourage the foreign currency loans, although the purchasing power of the lion decreases 
in the european area. 
In pursuit of the case study were using monthly indicators for the period from January 2007 to July 2013 (see 
Appendix 1), to capture the variations in the short term of non-performing loans`s portfolio, still in the early stages 
of the current global financial crisis so far. 
The main features that should be considered in econometric analysis of data used refers both to the frequency 
(monthly, in this case, for interest rate, inflation rate, unemployment rate, the exchange rate), the number of 
observations (monthly data, 79 comments), time-series moments: mean, variance, and the stationarity and seasonal 
time-series. For this simplified model produced as part of this work, time series with monthly frequency often 
presents developments that have a certain surface (felt especially during the winter months, due to rising prices). 
Therefore, in order to eliminate these seasonal developments and highlight just the impact it has on a given 
variable over another, time series have been seasonally adjusted, but also stationary. 
 
 
3 I have adjusted subsequently with general price index (both for Romania and for the Euro area) in order to obtain real exchange rate - 
price in RON of the european consumption basket compared to the price of the consumption basket in Romania, expressed also in RON), on the 
basis of information supplied by the National Statistical Institute (www.insse.ro) and the European Central Bank (www.ecb.europa.eu). 
4 Withdrawal of money from accounts that offer a low yield, open to financial intermediaries (banks, life insurance companies) to be 
directly invested in market instruments that offer a higher return. 
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4. The estimation of indicators and interpretation of results 
The general form of the multiple regression equation is (1): 
 
tktkttt XbXbXbbY  ...22110 5                                                                                                                                                    (1)                        
In this case, the formula was summed up to 4 independent variables (the cause-variable) and a dependent 
variable (the effect-variable), as follows (2): 
 
 443322110 XbXbXbXbbY                                                                                                (2) 
 
where: Y is the dependent variable, representing the share of non-performing loans ratio within the Romanian`s 
system; X = (X1,X2,X3,X4 ) = explanatory variables (independent); b0 = intercept = the free term of the regression 
model; X1 = monetary policy interest rate (%); X2 = inflation rate (%); X3 = unemployment rate (%); X4 = real 
exchange rate EUR/RON. 
 
Variables Intercept 
Monetary policy  
interest rate  
Inflation rate  Unemployment rate  
Real exchange  
rate EUR/RON 
P-value 0.3260 0.0000 0.0029 0.0004 0.0000 
Coefficient  -5.3463370 -2.1476320 -0.3803630 0.9801440 6.8271660 
R-squared  0.937564 0.937564 0.937564 0.937564 0.937564 
Adjusted  
R-squared  0.934189 0.934189 0.934189 0.934189 0.934189 
F Test  
probability 0.000000 0.000000 0.000000 0.000000 0.000000 
Jarque-Bera test 
probability  0.159654 0.159654 0.159654 0.159654 0.159654 
 
Table 1.: Own calculations (Eviews) 
 
By estimating parameters by Andrei (2008-2009) (see Table 1), the following formula is obtained (3): 
 
4321 827166,6980144,0380363,0147632,2346337,5ˆ XXXXY                   (3)              
 
Thus, it can be observed that a change by one percentage point in unemployment rate and real exchange rate 
EUR/RON determines the modification in the same way with 0,980144 and with 6,827166 percentage points for 
non-performing loans ratio. 
 
 
5 Where t  = 1, 2, ... n observations in the sample; Yt = t remark of the dependent variable (the variable effect); Xj = independent variables 
(variable factor-question); b0 = constant (the free term of the equation); b1,…bk = coefficients independent variables; εt = error term of 
equation (the residual variable, that measure the influence of factors that are not found in the model). 
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On the other hand, the interest rate and the inflation rate shows a negative trend and in reverse with the share of 
non-performing loans with 2,147632 and with 0,380363 percentage points. If these macroeconomic variables 
would not influence in any way the share of non-performing loans and their coefficients would be zero, according 
to estimates, the volume of non-performing loans would record a weight of -5,346337 percentage points.  
According to estimates, the value of the intercept b0 is equal to - 5,346337 (the estimated average value of Y 
when X is equal to 0). In the present situation, we can not talk about the determination of the volume of non-
performing loans under the terms of an interest rate, of a real exchange rate EUR/RON, of a rates of inflation and 
unemployment, null and void, because this is not possible, from the economic point of view. Therefore, -5,346337 
percentage points represents the proportion of the non-performing loans`s volume, which cannot be explained by 
the monetary policy interest rate, inflation rate, unemployment rate and the real exchange rate monthly average 
EUR/RON. 
In terms of the value of the slope b1, it is located at - 2,147632 (the estimated average value of Y when X 1 - 
monetary policy interest rate - changes with one percentage point). To increase the monetary policy interest rate by 
a percentage point, the share of non-performing in total loans, will change in the opposite direction with 2,147632 
percentage points, a result that sends us to the paradoxical aspect arising from increasing interest rates for loans at 
the level of an economy and asymmetric information management by banks. Therefore, a decrease in interest rates, 
causes a decrease in the revenues received by banks through interest rates, which give rise to an increase in bad 
loans in total loans. In other words, if interest rates are low, in order to obtain a credit score will enroll mostly 
those people with a dubious solvency (which allow only a low rate), which will lead to increasing the probability 
that credit institutions hold a significant portfolio of non-performing loans. 
Interpreting the slope b2 which is equal to - 0,380363 (the estimated average value of Y when X 2-inflation rate-
changes with one percentage point). To increase the inflation rate by a percentage point, the volume of bad loans 
will decrease with 0,380363. Reverse connection between the rate of inflation and the volume of bad loans has its 
justification in the fact that borrowers are advantaged in the case of inflation, because it will return the bank credit 
in the currency with the lower purchasing power. On the other hand, a decrease in inflation will erode more slowly 
the debt`s nominal value. It will determine maintaining the share of disposable income in debt servicing at a 
relatively constant level compared to the declining level of this indicator, recorded in an inflationary environment 
more pronounced.  
In terms of the slope`s value b3, it is 0,980144 (the estimated average value of Y when X 3-unemployment rate-
change with one percentage point). A change in the unemployment rate with a percentage point results in a change 
in the same direction, of the loans share with 0,980144 percentage points. The impact of unemployment rate on the 
non-performing loans manifests differently over new loans and the existing ones in the balance. Thus, the demand 
for new loans from the population, is diminished because of the optimism`s deterioration over the financial 
situation and the worsening prospects for rising unemployment. For existing loans in the balance, the increase of 
arrears rate and unfavourable forecasts on unemployment and population incomes, has a direct relation to the non-
performing loans`s volume. Therefore, if we take into account other variables, listed above under multiple linear 
regression, we conclude with the idea that: the maturities are higher, with both increases the likelihood that 
borrowers will not take into account developments in interest rates and unemployment, medium and long term. 
As regards the slope b4, it register a value equal to 6,827166 (the estimated average value of  Y when X 4-real 
exchange rate-changes with a unit). An increase of the real exchange rate monthly average EUR/RON with a unit, 
the non-performing loans`s volume will increase by 6,827166 per cent. Exchange rate volatility is significant from 
the perspective of change in the volume of bad loans, signaling the effect it has credit in foreign currency on the 
loan portfolio, an adverse effect generated, if the depreciation of the national currency on the debt service of 
debtors that do not generate positive net cash flows in foreign currency of the loan.  
In the event of depreciation or appreciation of the national currency, the monetary authorities will manifest the 
influence, especially on the interest rates, by increasing or reducing them. If the loans are denominated in foreign 
currency, the influence is manifested by increasing or decreasing the customers`s level of rates processed in local 
currency, implying an increase or a decrease in revenues in local currency, in other words, a direct impact on the 
profitability of banks. 
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5. Testing the significance of the regression model parameters 
 5.1. The Student Test 
In order to evaluate the influence of macroeconomic indicators on the financial stability of banking sector, the 
status of the elements involved must be checked. Do exogenous variable and endogenous variable have economic 
significance? Is there any connection between them?  
Econometric software programs test by t test Ileanu (2008-2009), for each coefficient, the null hypothesis that 
the coefficient has value zero.6 For (see Table 1) b0, the probability is 0,3260 > 0,05
7, so the free term is not 
significantly different from zero. This means there is enough evidence to accept the null hypothesis8. At the same 
time, the parameter has no economic significance since, in economic terms, interest rate, inflation rate, 
unemployment rate and the real exchange rate can not be simultaneously null. The probability of b1 is 0,0000 < 
0,05 and means that the b1 coefficient is significantly different from 0. So the monetary policy rate significantly 
influence the dependent variable, the non-performing loans`s volume. There is a close relationship between them. 
The higher the rate of monetary policy changes in one sense or another, even more than the share of bad loans in 
the Romanian banking system will be affected. So, as we could see, and above, a decrease in the rate of monetary 
policy, during the period January 2007 to July 2013, caused a decrease in income in the banking sector and, also, 
encourage lending among people with questionable credit. All this has led to an increase in the volume of non-
performing loans in the banking system. 
As regards b2, the probability is located at 0,0029 < 0,05, so b2 coefficient is significantly different from 0. 
Variable inflation rate significantly influences the volume of bad loans since the higher rate lagged, the debtors 
will return the loan with a lower value. This thing generates, by default, a decrease in the non-performing loans`s 
volume. In terms of b3, the probability is 0,0004 < 0,05, thus b3 coefficient is significantly different from 0. 
Between the unemployment rate and the non-performing loans`s volume there is a direct and linear relationship, 
explanatory variable X 3 significantly influencing variable explained-Y. Unemployment rate has a strong effect on 
loans, both among people borrowed, as well as for those who wish to obtain a loan. Thus, an increase in the 
unemployment rate in the Romanian banking sector after triggering the financial crisis led to worse the capacity to 
return the loan in the debtors`s case, and, also, to an increase in the volume of non-performing loans. This increase 
affected and potential debtors in the sense that it showed a tendency of deterrence and for people they intended to 
borrow. 
The probability of b4 is 0,0000 < 0,05, so b4 coefficient is significantly different from 0. The exchange rate also 
affects significantly the volume of bad loans. During the reporting period, in January 2007 to July 2013, the 
exchange rate had an ascending trend, which has generated an increase in the volume of non-performing loans. 
This can be explained due to the fact that with the increase of the exchange rate, the national currency has 
depreciated, that offered more currency. Given the significant number of credits in foreign currency on the 
Romanian banking market, the volume of bad loans has increased, due to the poor payment capacity of the 
borrowers in foreign currency. 
As we can see, multiple regression model significantly influences the development of endogenous variable, 
between the monetary policy interest rate, inflation rate, unemployment rate and the real exchange rate and average 
monthly volume of non-performing loans there is a linear connection. 
We can conclude that in the period from January 2007 to July 2013, the share of bad loans in the total loans of 
the Romanian banking system has increased significantly, based on the change in the opposite direction of the 
monetary policy rate, which comes as a solution for counteracting the effects of the financial crisis for the purposes 
 
 
6 Both the values of the t test and probabilities, p are reported. If the associated probability is lower than level of relevance works (in our 
case 5%), then the null hypothesis is rejected and the coefficient is considered to be significant statistically. Where p is  upper than level of 
relevance that it works, then the null hypothesis is accepted, and the coefficient is considered as having, statistically, the value zero. 
7 5% = the fixed significance threshold, for α=95% (prob = 1- α = 0,95);  
8 Assumptions: H0:c=0 (the null hypothesis); H1: c ≠ 0 (the alternative hypothesis) 
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of increasing the income of the banking sector and, also, of the inflation rate, because borrowers have returned the 
debt to a lower value than the contracted. On the other hand, the increase in the volume of non-performing loans is 
due ,also, the change in the same way, of the unemployment rate of minimizing the borrowers ability to return the 
debt, and the exchange rate, because a depreciation of the currency aggravate and more debt service. 
5.2. F Test 
To emphasize the macroeconomic indicators`s impact on the financial system soundness and, especially, on the 
share of bad loans in the banking system, it must be determined if there is at least one explanatory variable in the 
linear regression model. The explanatory variables justifies the behavior of the variable explained (non-performing 
loans). For this purpose, the F Test is used. It determines if all the regression coefficients, at the same time, have a 
zero value in terms of statistics. It has the null hypothesis that all coefficients in the regression have zero value.9 
The probability of F-statistic is located at 0,000000 < 0,05 (see Table 1), so hypothesis H1 is respected10 and we 
say, with a 95% probability that the model is valid by Leonte (2009-2010). In other words, there is at least one 
independent variable that may explain the variation in the dependent variable; means the non-performing loans`s 
volume level in the banking sector, for the period from January 2007 to July 2013, is influenced by exogenous 
variables such as monetary policy interest rate, inflation rate, unemployment rate and the real exchange rate 
monthly average EUR/RON. Through this model verifies that the regression model is correctly specified.  
5.3. Report of determination 
Another indicator 11  which shows whether the regression model is specified is Report of determination. 
According to the estimation of the variables, report of determination, expressed with the help of R-squared, is 
0,937564, and value of Ajusted R-squared is 0,934189 (see Table 1). The R-squared value is more relevant by 
Bobeică (2010-2011) than the value of Ajusted R-squared and shows that 93,7564% of the percentage variation in 
the volume of non-performing loans is explained by the percentage change in the monetary policy interest rate, 
inflation rate, unemployment rate, real exchange rate. 
So, both the monetary policy rate, inflation rate, unemployment rate and the exchange rate EUR/RON has had a 
strong impact on the banking system reversing and also, on the entire financial system, with the onset of the 
financial crisis. Thus, the volume of bad loans increased from year to year. 
Moreover, in the last 12 months, the risks for financial stability associated with the banking sector have 
increased quite a lot12, if we follow the evolution of the volume of bad loans. The National Bank of Romania's 
position of creditor of the domestic banking system, has allowed both to avoid excessive volatility of exchange 
rates, as well as the fluent operation of the interbank money market, simultaneously with the trend of relative 
stabilization of inter-bank interest rates around monetary policy interest rate. 
 
 
9 As in the case of the test t, econometric software reports the value of the test and its associated probability p. If the p-value is less than the 
level of relevance on which you are working, then the null hypothesis is rejected, which means that at least one of the coefficients in the 
regression is significant statistically. Otherwise, the null hypothesis is accepted, which means that all the coefficients in the regression are 
considered to be insignificant in terms of statistics (equal to zero).v 
10 The two assumptions of the test are:  H0 : bi = 0 (the null hypothesis; the regression model is not correctly specified, mean that variable 
Xi do not influenced variable explained); H1 : bi  0 (the alternative hypothesis; between the two variables, there is a significant linear 
dependence, mean that variable Xi influence variable explained) 
11 It highlights how much percent of the total variance of the dependent variable is due to independent variable. It takes values between 0 
and 1, and the value is closer to 1, the regression is better specified. 
12 According to the financial stability report (2012) published on the website of the National Bank of Romania (www.bnr.ro) 
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5.4. Verification of the normality of the  residue - Jarque – Bera Test 
Jarque-Bera test takes into account both the coefficient of skewness and kurtosis and verify to what extent the 
empirical distribution can be approximated by a normal distribution. Therefore, the normality of the residuals is 
tested, starting from the assumption that the errors are normally distributed (the null hypothesis). 
The probability associated with the Jarque-Bera test is 0,159654 > 0,0513 (see Table 1). So, the null hypothesis 
is accepted and the distribution’s model can be approximated with a normal distribution (errors are normally 
distributed). The normal distribution of the errors is important, especially, when we want to make forecasts, based 
on estimated econometric equation.  
The output shows the histogram distribution, mean, median, minimum and maximum values, standard 
deviation, coefficient of asymmetry, the kurtosis of series and the Jarque-Bera test14. The media also has an error 
value is very low, which means that we can substantiate on the analysis model. 
So, we confirm again that in the period January 2007 to July 2013, the unemployment rate and the exchange 
rate EUR/RON had a fundamental impact and in the same sense on the portfolio of non-performing loans in the 
banking system. The rate of inflation and monetary policy have also had a significant role on the Romanian 
financial system, having influence in reverse the ratio of bad loans. 
Therefore, there are shocks caused by changing get a sense or another of the fundamental macroeconomic 
indicators at the country level, which can have a strong impact on the health of the banking system and, implicitly, 
of the entire financial system. Among these, changes in the monetary policy interest rate, inflation rate, 
unemployment rate and real exchange rate led to an increase in the volume of non-performing loans in the banking 
system. The tests used have reinforced this idea. 
6. Conclusions and future research directions  
In a world in a continuous motion and transformation, recording episodes of collapse (the current financial 
crisis) or economic boom, the existence of mechanisms for anticipating financial crises comes as a necessity for the 
fair appreciation of the factors that may mitigate its adverse effects. 
Most of the times the banking crisis is associated with a high proportion of non-performing loans in the total 
assets of financial institutions. Therefore, empirical studies in the literature have turned the attention of, in 
particular, the analysis of a set of indicators such as micro and macro, which is assumed to lie at the origin of 
banking crises. 
In the present work, I have tried to capture the devastating effects of the banking crisis and the importance of  
financial and macroeconomic indicators identification, able to highlight, in an early stage, a potential deterioration 
in the quality of the credit portfolio. Have been tested a number of specifications of an early warning system in 
which the non-performing loans`s volume is an endogenous variable. I considered that thus the risk of an episode 
of vulnerability, in the frame of the Romanian`s banking system, can be diminished. 
I have sought to present a new methodological framework, marked by a pronounced quantitative character, 
regarding credit risk management in the banking sector.  
The central element is to build the change probability of non-performing loans`s volume as a result of the action 
of exogenous factors, based on multiple regression in order to create a favourable framework for anticipating 
events with negative impact on the economy, in terms of lending.  
The process for selecting tools and variables used in the analysis begun from present and anticipated 
weaknesses of the Romanian`s banking system, considering the statistics, reports and forecasts less favorable of 
the National Bank of Romania and of the National Institute of Statistics. 
 
 
13 The confidence level of 5% 
14 For a normal distribution coefficient of asymmetry (skewness) is zero - normal distribution is symmetrical. In our case the Skewness is 
0,525897, which means that the normal distribution is asymmetrical. 
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The result of applying the prediction model of the deterioration in the quality of credit portfolio (for information 
available from January 2007 to July 2013) indicates a light but persistent trend of deterioration of the non-
performing loans ratio in the total assets of financial institutions.  
The article is relevant from the point of view of management and even politically, in terms of the fact that we 
put at your disposal a range of instruments that attest to the health of the financial system and that can be 
quantified. Early warning systems contain important information and can provide, through the analysis of crises 
that have taken place in various countries, estimates of the probability of a crisis, allowing at the same time the 
classification of countries according to the degree of external vulnerability. Thus, with the help of these early 
warning systems the adverse effects of the global financial crisis, which are felt even today, can be alleviated or 
even eliminated. 
As disadvantage we can mention the difficulty of generalizing previous experiences because of the specific 
features of today's financial world, characterized by globalization and integration. Today, banking crises coincide 
with foreign ones. There is also the difficulty of quantification of macroeconomic characteristics indicate the 
vulnerability and lack of edit history, in some situations. 
Currently, in the literature are numerous concerns with a view to refining early warning systems, materialized in 
identifying appropriate methodologies to quantify qualitative aspects of banking activity (the management quality, 
internal control, fraud, a culture of credit) and to allow an improvement in accuracy and in the reporting capacity 
of bank crises.  
There are numerous opportunities to expand the present research. The model developed in this study can be 
extended to a larger number of macroeconomic indicators for Romania or may be applicable in other countries, 
which have been affected by the global financial crisis. Moreover, an important direction for research may be that 
of establishing the impact on non-performing loans of microeconomic indicators. Also, a future study could find 
methods of quantification for other important indicators that attest the health of the banking sector and, implicitly, 
of the entire romanian financial system. 
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